Abstract -The paper discusses a uew algorithm for the noise analysis of a linear multiport network. The circuit may include any kind of passive components introducing thermal noise only, and any number of two-port devices described by the usuaf four noise parameters. On output, the algorithm produces the correlation matrix of the Norton equivalent noise current sources at the network ports. The approach is suitable for implementation into any general-purpose microwave circuit design program.
I. INTRODUCTION
I N THIS PAPER, the problem of evaluating the noise properties of a general linear multiport network is tackled from a computer-aided design viewpoint. This means that the formulation of the problem is typical of a general-purpose CAD environment, i.e., the network may be defined component-wise in an arbitrary way, and may include any kind of lossy passive (possibly nonreciprocal) comporlents, as well as any number of active two-port devices. Passive components are described by geometrical and technological data, and are assumed to introduce thermal noise only. For each active device, the starting-point information is represented by the usual four spot noise parameters [1] and by the admittance (or any equivalent) matrix; such data is assumed to be available from measurements artd/or physical circuit models. The purpose of our work is to introduce a computer algorithm allowing a straightforward calculation of the noise properties of the overall network, regardless of its topology.
In the general multiport case, a possible approach (actually the one to be developed here) is to represent the noisy network by its Norton equivalent, that is, by its noiseless counterpart with a noise current source connected across each port. This situation is schematically represented in Fig. 1 Ycor= Gcor + jl?cor.
where G~is the equivalent noise conductance of J -Jcor. Thus, by definition 
The correlation matrix of the noise current sources Jl, Jz is defined as
Combining (5) with (4) 
.Conversely, the correlation matrix can be used to derive the four noise parameters. A straightforward manipulation of (7) ,G = (IJ112)
Then from (3) B.= -Bco,
Note that, from (1) by means of (9) and (8) 
III. ANALYSIS OF A GENERAL NoIsY MULTIPORT
We consider a linear noisy n-port consisting of a Iossy passive network embedding a number (namely m) of noisy two-port devices. Each device is assumed to be characterized b)y its admittance matrix and its four spot noise parameters at each frequency of interest. As shown in Fig.  3 , the given network may be represented as the interconnection of a passive (2m + n )-port with the m two-port devices. In the following, the (2m + n)-port will be referred to as the passive network. This network may result from an 
where Y is the (2m + n) x (2nt -t n) admittance matrix of the passive network, and * applied to a complex matrix indicates the conjugate tr~sposed.
The J-sources are the equivalent noise generators of the two-port devices and are usually not only thermal. Obviously, only the couples of sources associated with the same device, namely J2~_~, Jzk for the kth, are correlated, and their normalized correlation matrix C~~has the expression (7). where the subscript d refers to the 2 m device ports, and the subscript e to the n external ports (Fig. 3) . Accordingly, the network equations take the form (Fig, 4) . 
The solution of (14) by the active devices. In the special case of a two-port (n= 2), the same conclusion automatically applies to the noise figure thanks to (10), once a source admittance has been specified. Furthermore, in the two-port case, (8) and (9) can be used to derive from (19) the four spot noise parameters in a straightforward way. As a final point, we observe that the of the overall n-port network of Fig analysis of the circuit may be carried out as a by-product of the noise calculations. This allows a network of absolutely general topology to be simultaneously optimized with respect to both the noise properties and any of the conventional network functions.
IV. When using the SGM, the CPU time required for a full analysis (including noise) is larger than for a conventional one, due to the nonoptimum sequence of interconnections, leading to the inversion of a relatively large-order matrix (16). The time penalty is directly dependent on the number of noisy devices contained in the circuit. As an example, for a two-port network including three devices (which means an eight-port passive network) this penalty is about 85 percent.
APPLICATIONS
As a typical application, we carried out a full noise analysis of the three-stage distributed amplifier described
by Niclas et al. [5] , [9] . Based on the data reported in [5] and [9] , the noise correlation matrix was computed from (19) throughout the band of interest. The four spot noise parameters and the noise figure for a 50-S? source impedance were then derived by means of (8), (9), and (10).
Making
use of the first term in square brackets on the right-hand side of (19) and again of (10), we also computed the contribution F,d to the amplifier noise figure due to the passive network alone (i.e., in the case of noiseless FET's). [1]
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